Innovative Self-Assessment and Teaching/Learning Techniques for Calculus within the RIMA Project (UPC-ICE)  by Carbonell, M.R. Estela et al.
 Procedia - Social and Behavioral Sciences  46 ( 2012 )  686 – 691 
1877-0428 © 2012 Published by Elsevier Ltd. Selection and/or peer review under responsibility of Prof. Dr. Hüseyin Uzunboylu   
doi: 10.1016/j.sbspro.2012.05.182 
WCES 2012 
Innovative self-assessment and teaching/learning techniques for 
Calculus within the RIMA project (UPC-ICE) 
M.R. Estela Carbonell a *, J. Saà-Seoane b, J. Villalonga Pons c  
aMatemàtica Aplicada III. Grimath. Universitat Politècnica de Catalunya, C. Jordi Girona 1-3, Barcelona 08034, Spain 
bMatemàtica Aplicada III. Grimath. Universitat Politècnica de Catalunya, C. Jordi Girona 1-3, Barcelona 08034, Spain 
 cMatemàtica Aplicada III. Grimath. Universitat Politècnica de Catalunya, C. Jordi Girona 1-3, Barcelona 08034, Spain 
 
Abstract 
Here we introduce different learning techniques that we have recently implemented in the Civil Engineering School at Universitat 
Politècnica de Catalunya (UPC-BarcelonaTech) related to a Calculus course. One and multivariable Calculus is instructed in any 
Engineering degree since it sets up a lot of the mathematical skills that an engineer will require later in the degree, as we ll as in 
their professional careers. Therefore, an optimal learning of its contents becomes essential. Through the techniques introduced in 
this article, students should find practical incentives when putting time and effort on it, and thus, they will find it easier to study 
Calculus. 
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1. Introduction 
 The Civil Engineering degree at our school has undergone some changes due to the EHEA, but our idea to 
design new materials and communications between professors and students was born in 2003. Hence, since then we 
have been working on developing mathematical contents with the intention to help the teaching and learning process 
in basic mathematics. 
 It all began when we found that most students had a lack of knowledge related to basic mathematical contents 
and it was then when the first author of this paper decided to write the book Fonaments de Càlcul per a 
l'Enginyeria. Although this first book contains a lot of graphic descriptions, it was clear that a better interactive 
support was required, if we wanted the students to like and enjoy themselves while learning basic mathematics. 
After that, a Mathematical self-learning virtual tool, EVAM was born. It contains a great list of applets, which 
interactively illustrate the main mathematic topics described in the book. Essentially, one can find an interactive 
summary of the basic mathematical definitions and concepts: matrices, determinants, systems of equations, classic 
geometry, conics, complex numbers, polynomials, trigonometry, real functions, real differentiability and primitives. 
It helps students to get in contact with the first formal definitions and mathematical aspects of the degree. Figure 1 
shows two examples. 
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Figure 1. Applets to review definitions: Different representations of a complex number and the limit definition 
 
 The facts that students can easily interact, manipulate, or investigate with these applets help them to get 
confidence and understand better the contents. Now, both the book and the EVAM tool are fundamental tools for the 
course Fundamentals of Mathematics. In particular, EVAM is accessible from the Camins OpenCourseWare, the 
ETSECCPB open virtual space. 
 But, this was clearly not enough. These contents are basic and they can only help students at the beginning of 
their mathematical studies. Thus, it is also necessary to provide the Calculus course with an extensive and more 
complex book, although at the same time, easy reading. It needs to use pleasant language and show suitable 
examples and graphics of the contents. And this is the book  interactivo en Moodle that the first 
and second authors of this paper have written, and which is still used in the current courses of Fundamentals of 
Mathematics and Calculus. Moreover, beyond providing these courses with a theory book, there is something else 
required if we want to engage the students: a digital version of this textbook, available with interactive exercises and 
laboratories that illustrate all the contents of this field. 
 For this reason, as well as compiling and organizing Calculus concepts according to the course, it was necessary 
to develop virtual mathematical contents. And this is the key point of this paper. Particularly, we designed virtual 
materials, easily adaptable to the most used Open Source virtual platform worldwide: Moodle. It could also be 
extended to any other platform in a quite straightforward manner. 
 ATENEA, as well as all Moodle based platforms, allows professors to create a personal course for their subject, 
adapting the contents in which they are interested. Not only do these virtual courses allow students to have a 24/7 
access, so they can learn the theory concepts as well as practice with the different tests and exercises, but they also 
allow them to choose whatever media they feel like to use to learn a given conte
Therefore, using Moodle and Atenea, we created a virtual Calculus course. This virtual course contains all the 
theory as well as a wide variety of 2D and 3D pictures and graphics to illustrate the explanations. 
2. Classic plus interactive contents: text, 2d/3d plots, labs, quizzes... 
 First of all the two already cited books were written in order to provide a consistent, formal and wide basis for 
the teaching and learning of both basic and also advanced Calculus. Such books contain from definitions, theorems 
and proofs down to easy examples and exercises. After the edition of the textbooks related to both basic and 
advanced topics in one and multivariable Calculus, our next iteration was to develop a set of interactive 2d and 3d 
plots and laboratories. The plots would represent any kind of region or figure related to any concept or example. The 
laboratories are essentially interactive plots that help the student understand a certain definition or concept. Figure 2 
shows some of the cited resources.  
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Figure 2. Examples of 2D, 3D graphics and a 2d lab 
 
 Furthermore, students will find a set of exercises that are thought to be self-training. These exercises let the 
students interact with them: they are allowed to change parameters; the visualizations of the graphic (if there is one) 
and even the type of exercise. A good example of these virtual exercises is shown in Figure 3, in which the student 
is asked to guess whether a functional sequence converges or not. The very same figure also shows an example of a 
quiz. Students can find quizzes with random questions at the end of each chapter: there is a large repository of 
questions for each chapter providing countless combinations of questions related to the contents in such chapter. 
 
Figure 3. Example of an interactive exercise 
 
 After all the self-training and self-assessment, students can access their grades and solutions through the Moodle 
grading system as shown in Figure 4 for both a given test as well as the global course. Instructors will also have 
immediate access to all grades. 
 
Figure 4. Example of a grading for a test and the whole course 
 
 In the early 2010 we also introduced another interactive resource that was very appreciated by all students: 
electronic office hours. The possibility of having virtual tutorships through the software Elluminate (to host the 
communication), Papershow (to share writing) and Wiris (to share plots) makes it a lot easier for the students to 
have access to the professors as well as for the instructors to reuse notes, information and graphics from one student 
to another. Notes can be saved and 2d/3d plots can be easily shared. Figure 5 shows one example of shared screen 
among a group of students and an instructor.  
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Figure 5. Example of a virtual office hours 
3. Newest techniques included: WirisQuizzes and motivational videos 
 Over the last couple of years we have kept on working since all the work was not yet done. There were still a 
few ways in which we could still improve the digital course through virtual and interactive contents. Thanks to the 
great feedback that most students have kept on providing to us and also according to some of their ideas we thought 
it would be interesting to expand the course with yet two resources: the WirisQuizzes and the motivational videos.  
 After we developed a large bank of questions for each chapter of the digital course such that students could 
assess themselves and get feedback after each few lectures we noted that most of the problems related to different 
fields on Calculus could actually be programmed in a way such that a single question could actually become a bunch 
of them that would randomly appear to the students, so that none of them would get the exact same question even 
though they would be similar and of the very same level of difficulty. With that idea in mind we developed the 
WirisQuizzes, which are yet another large bank of questions, but this time implemented in Wiris. They provide a 
different question every single time we attempt to solve it. Figure 6 shows the preview of a certain question as well 
as the edition and the math engine implemented behind. All the examples can be found in the OpenCourseWare of 
the Civil Engineering School of Barcelona and the link is provided in the references. 
 
Figure 6. Preview, Edition and Math Engine WIRIS Quizzes of a Moodle question with WIRISQuizzes 
 
 On the top of that and due to the fact that Calculus is actually a course that will be further required in many other 
courses later on throughout the degree of Civil Engineering we thought that it would be a great idea to provide every 
single chapter with a 5 to 10 minutes motivational video in which professors and researchers would encourage the 
deep learning of that particular chapter. Topics would be chosen among those widely used in their daily research or 
in the courses they teach later on in the degree. Such videos can also be found in the Camins OCW and show the 
importance of, for instance, the functional series when numerically simulating the behaviour of metamaterials, as 
shown in Figure 7.  
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Figure 7. Functional Series motivational video 
4. Evaluation of the contents and conclusions 
 To analyse the efficiency of these materials we have carried out some evaluations among the students. The 
survey asked about twelve aspects regarding the efficiency of the material to be scored from 1 (bad or not used) to 5 
(widely used or very good). In particular, these twelve aspects were the following: 1- Use of the material; 2- Access 
to the virtual course; 3- Browse within the virtual course; 4- Organization of the material; 5- Definitions and 
explanations; 6- Exercises; 7- Laboratories; 8- Resolved problems; 9- Final unit tests; 10- Online office hours; 11- 
Complementary materials; and 12- Global score to the given material. Figure 8 shows the results after 61 students 
out of the 197 registered answered the given questions. The same figure also summarizes frequencies of each score. 
 Results show how students are mostly satisfied or highly satisfied with the inclusion of these new techniques in 
the learning process. Furthermore, the number of visits to the website throughout the year added up to 123,786, 
which actually means that every single of the 191 students entered around 650 times, in average. Moreover, the most 

















Figure 8. Cumulative % Frequency Diagram and scores frequency 
 
 Some of the comments received from the feedback that the students gave pointed out that all these new types of 
contents helped them to understand and learn deeper all the concepts related to the Calculus course as well as 
encouraged them to put more effort and All these 
interactive materials make it fun and easier to learn this subject! Sometimes you do not even feel you are working 
.  
 From the teaching point of view, instructors have really experienced a big improvement in the results obtained 
for the course. The average grade increased more than a 20% in just a few academic years. 
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